Introduction

H
ealth Interview Surveys (HIS) are an essential part of a national health information system. At the European Union (EU) level, the role of a HIS to obtain policy-relevant health information has been well recognized and resulted in 2013 in a European Commission Regulation which specifies the implementation of the European Health Interview Survey (EHIS) under the responsibility of Eurostat, the statistical office of the EU. 1 The EHIS is the recommended data source for 22 health indicators proposed in the European Core Health Indicators (ECHI) shortlist, a concise yet comprehensive tool for health policy support at the EU level consisting of 88 indicators in its 2012 version. 2 Data items from which four other health indicators in the shortlist can be derived are included in both the EHIS and the European Union Survey of Income and Living conditions (EU-SILC), 3 but as the latter survey is organized annually, the EU-SILC is the recommended data source for those indicators.
Most EU member states, including Belgium, implement the EHIS via their national HIS. One of the aims of a national HIS is to produce country-wide, representative results on a substantial number of health-related indicators. 4 However, as participation in a health survey is voluntary, unit non-response is a major concern. Although a low survey response rate does not necessarily lead to biased results, 5 bias may occur if both the outcome indicators and the non-response itself are associated with the same population characteristics. Many determinants, including age, gender, civil status, race/ethnicity, household size, region, place of residence, and type of dwelling have been identified to affect survey participation. 6 Socio-economic status, often operationalized through education, is also strongly associated with survey non-response.
Low-educated people tend to participate less in surveys than people with a higher level of education. [7] [8] [9] [10] [11] [12] One of the techniques used in survey analysis to correct for survey non-response is post-stratification. 13, 14 This technique incorporates population distributions of variables into survey estimates. The sample is divided into post-strata, and post-stratification weights are computed for each sample case. 15 Post-stratification requires auxiliary information, which is defined as a set of characteristics of the survey respondents for which information is also available at the level of the total target population, e.g. from population registers. Variables that are usually included for the calculation of post-stratification weights in national health surveys are age, gender and place of residence (e.g. province or region). Other variables that have been used are household size, ethnicity/race, marital status and adherence to social insurance scheme. [16] [17] [18] In most cases, education is not included in the calculation of poststratification weights, because this information is lacking in the available population databases. We identified only one national health survey where education was used as post-stratification variable. 19 Because low-educated people are commonly underrepresented in national survey samples, weighted overall estimates which are calculated without considering this under-representation, may yield biased results. Moreover, this under-representation may also influence the assessment of educational differences in health outcomes.
Whereas there is quite some evidence that lower educated people tend to participate less in national health surveys than the higher educated, there is a lack of studies that investigate the impact of this on the global survey estimates. Some studies examined the impact of non-response on survey estimates in general, but this was explored for a few estimates only and the extent to which the lower response rate was due to a lower level of education of the non-respondents was not assessed. 20, 21 This study compared the educational distribution in the sample of the Belgian HIS (BHIS) with that in the general population and examined the impact of a possibly differential survey participation on survey estimates. For those indicators in the ECHI shortlist that have EHIS or EU-SILC as recommended data source and for which information is available in the BHIS 2013, it was then assessed how population estimates from the survey, using weights based on age, gender and province, were impacted by also including education in the calculation of the weights. Finally, we explored if taking into account education in the calculation of post-stratification weights affected the assessment of educational differences in the outcome indicators.
Methods
Data
The BHIS is a household survey that is organized periodically in Belgium since 1997. Households are eligible if they have their official residence in Belgium. People living in old people's homes are considered as one person households and included in the target population. People in other collective households, such as prisons or psychiatric institutions, are excluded. Participants are selected according to a multistage clustered sampling design. In a first step, a regional and provincial stratification is done. In each stratum, municipalities-the primary sampling units-are selected through a 'probability proportional to size' sampling. Next, a systematic sampling is applied to select the households: the secondary sampling units. Finally, at most four individuals-the tertiary sampling units-are selected for the interviews within each household. For households with four members or less, all members are selected. For households with at least five members, the reference person and his/her partner (if any) are selected. Among the remaining household members, regardless of whether household members are adults or children, a random selection is made, so as to yield four selected household members. Further information on the methodological aspects of the survey is presented elsewhere. 22 For this study, we used data from the BHIS 2013, in which the household response rate, defined as the number of participating households divided by the number of contacted households, was 57%. Only the participants aged 25 years and older (n = 7962) were included in this study, because in this age group the majority of the population will have obtained their highest attainment.
The auxiliary database used for the calculation of post-stratification weights was the Census 2011. Censuses have been organized in Belgium since 1846, more or less every 10 years. Until 2001 censuses consisted of an exhaustive survey. The Census 2011 adopted a new approach, retrieving a vast amount of information from administrative databases.
Indicators
In the BHIS 2013, information is available for 25 of the 26 healthrelated indicators for which the ECHI project recommends the EHIS or the EU-SILC as data source (table S1 in the Supplementary material). In some cases the BHIS indicator is not exactly the same as suggested in the ECHI shortlist, but closely related.
Information on the highest educational attainment achieved by the BHIS participants is obtained via a question with 14 answer categories. This information is recoded to match the International Standard Classification of Education (ISCED) 1997 23 and regrouped into four categories: primary education or no educational attainment (ISCED 0-1), lower secondary (ISCED 2), higher secondary (ISCED 3) and higher education (ISCED 4-6). Information on education according to ISCED categories is also available in the Census 2011. As administrative information on 
Construction of weights
Post-stratification weights were calculated with the Census 2011 as auxiliary database. The calculation of the first set of weights was based on cross classified Census 2011 data on age, gender and province (method 1). Six age groups were distinguished: 25-34, 35-44, 45-54, 55-64, 65-74 and 75 years and older. In Belgium, there are 10 provinces. The Brussels Capital Region, a separate geographical entity for which an oversampling was done, was considered as an 11th province. A second set of weights was calculated using cross classified Census 2011 data including also education (method 2). People with missing education were considered as a separate category. In the calculation of the weights, a correction factor was applied accounting for the oversampling of the German Community within the province of Liège.
Analyses
For each outcome indicator, estimates were computed using the weights that were obtained via both methods. We then calculated the absolute difference between the two estimates and used the Delta method 24 to calculate a 95% CI. As the assessment of absolute differences does not allow direct comparison of the impact between the indicators, we also computed relative differences, defined as the percentage of increase or decrease of the estimate obtained through method 2 compared with the one obtained through method 1. For binary indicators with a significant difference between the two estimates, we further explored the differences by education level through logistic regression with age group and gender as covariates. This was first done with weights calculated according to method 1 and repeated with weights calculated according to method 2. All analyses were done with Stata 14. 25 SEs were calculated taking into account the survey design settings. Table 1 presents the distribution of the weighted sample in terms of age group, gender and education, with weights calculated according to both methods, and includes also the distribution of these variables in the Census 2011. If weights are calculated according to method 1, 14.3% of the weighted sample belongs to ISCED 0-1 category, 15.9% to ISCED 2, 33.5% to ISCED 3 and 33.3% to ISCED 4-6; for 3.0% information on education is missing. If weights are calculated according to method 2, the percentages become respectively 16.6%, 20.8%, 26.3%, 29.1% and 7.3% (for missing information). The latter percentages are close to the ones from the Census 2011, but not completely the same, because some combinations of the auxiliary variables do not occur in the BHIS 2013. Table 2 shows the estimates for the health indicators with weights calculated according to methods 1 and 2 and the difference between both. A significant difference is observed for 10 indicators. When accounting for the educational distribution of the population, there is an increase in the percentage of people with self-reported diabetes (relative difference +11.6%), self-reported asthma (+12.4%), obesity (+5.6%), daily smoking (+3.5%) and belonging to a household that finds it hard to cover their health expenses (+9.4%). There is also an increase in the mean number of contacts with a GP (+3.8%). On the other side, a significant decrease is found in the percentage of people rating their health as very good to good (-1.7%), daily consuming fruit (-1.8%) and consuming vegetables daily (-1.3%), and the percentage of people aged 65 years and over vaccinated against influenza (-3.1%). A borderline significant difference (P = 0.051) is observed for the mean number of contacts with a dentist (-4.9%). Table 3 indicates that educational differences in the estimates hardly vary in function of the weighting method being used. However, for self-reported asthma, and self-rated health, socioeconomic differences seem to be somewhat more pronounced if the second method is applied.
Results
Discussion
The results of our study show that in the BHIS the inclusion of education in the calculation of post-stratification weights has a significant impact on a substantial number of ECHI indicators. Adjusting for education yields less favorable health outcomes and life style practices, a higher proportion of people having difficulties with access to health care and some differences in self-reported use of health care.
The relevance of including education in the calculation of poststratification weights is in the first place based on the important association between education and non-response, which has clearly been demonstrated in a previous wave of the BHIS. 7 However, the impact on the estimate also depends on the distribution of education in the population. If the proportion of low-educated people in a population is small, national estimates will be less affected by a lower response rate among the low educated. Furthermore, this impact will vary by health indicator. Only indicators for which there are important socio-economic differences will be affected. This is, e.g. the case for the prevalence of diabetes, obesity and smoking. 26, 27 For some indicators that differ by educational level (e.g. self-reported depression), the inclusion of education in the calculation of the post-stratification hardly affects the estimates, because also the magnitude of the educational differences plays a role. If no educational differences exist (e.g. for road traffic accidents), it is logical that there will be no impact.
Adjusting national survey estimates for education is particularly relevant in view of international comparisons. In Europe the distribution of the population by educational group varies substantially between countries. 28 In Southern European countries, such as Italy, Spain and Portugal, the proportion of low-educated people is considerably higher than in Northern Europe. If survey estimates are not corrected for the distribution of education at the level of the population, and assuming there are no important educational differences in response rates across countries, results from countries with a large proportion of low-educated people will be more biased than those from countries with few low-educated people, which may jeopardize the validity of international comparisons of health survey-based indicators. For this reason, Eurostat considers recommending the inclusion of education in the calculation of post-stratification weights for the next wave of the EHIS. Our results provide support for such a recommendation. Although it may be not realistic that such a guideline can already be implemented in all member states, it could push member states to invest in data sources with information on education at population level, if not yet available. Preferably such information should be available in cross-classification with other variables that are commonly used for the calculation of post-stratification weights: age, gender and place of residence. However, even if distributions are only known separately, there are weighting techniques that can deal with this. 29 Some limitations of this study should be mentioned. A prerequisite to have an unbiased estimate after reweighting is that within an educational group, non-response does not depend on the outcome, but this is not necessarily true. Lorant et al. 30 investigated the association between education and self-rated health in the Belgian HIS 2001 and the Census 2001 and found that among the low educated, the probability of reporting poor health was smaller in the HIS than in the Census. Their results indicate that low education and poor self-rated health are more strongly associated among non-respondents than among respondents, and reflect that responding loweducated individuals are not representative of the low-educated population. This bias is not corrected by taking into account education in the calculation of post-stratification weights.
Another limitation is related to the fact that adjusting for education will increase the cluster effect at the household level, resulting in larger SEs, wider confidence intervals, hence, less precise results. Adjusting for education may even increase bias. This occurs when the self-reported health information is less accurate among low than among high educated people, as it has been observed for some health indicators. 31 Educational differences in prevalence may also be the result of educational differences in screening practices, e.g. in the case of diabetes and hypertension. However, it is assumed that for most indicators, correcting for the lower response rate among low-educated people balances the additional bias which is introduced as a result of the potentially higher reporting and screening bias among the low-educated people. Census data are often used as an auxiliary data source. This is e.g. the case for NHANES and the German Health Interview and Examination Survey. 16, 19 For the calculation of the post-stratification weights in the BHIS, it is common practice to use the National Register as an auxiliary data source. 22 However, this register does not hold information on education. Therefore, the reference population for this study was the Census 2011. The use of the Census as an auxiliary data source also has disadvantages. First of all, there might be a time lag between the data collection year of the survey and of the census. In our study, this is not a major problem because according to the National Register the population distribution in function of age group, gender and province did not change . c: Involves accidents for which a medical care intervention was needed.
drastically over the 2-year lag period, and it is assumed this is neither the case for education. In the future, the time lag will no longer be a problem in Belgium because the aim is to go for an annual administrative census. A second disadvantage is that the information on education in the Census may be missing. Additional analyses on the Census 2011 data indicate that this missingness is not at random, but more a problem among residents with a non Belgian nationality and born outside Belgium (results not shown), for whom information on the educational attainment may lack in administrative databases. Even though the use of administrative data will improve the data quality in the future, it will remain a challenge to obtain accurate information on degrees obtained abroad.
Our study was limited to the population aged 25 years and over because at this age most people have achieved their final education level. In many HIS, the target population also includes younger people. If education is included in the calculation of the post-stratification weights, a solution needs to be found for determining the education level of this younger population group. One way to deal with this is to define education at the level of the household, as has been done in other population studies based on survey data in which socio-economic variables are used.
32,33
Conclusions
Although adjusting survey estimates to the distribution of education in the general population has some limitations, it will increase the validity of results from national health surveys and may enhance the comparability of survey results between countries. Adjusting for education has a substantial impact on several survey-based population estimates. Governments should invest in accurate and up-to-date data on education at population level, preferably crossclassified with demographic data, such as age, gender and place of residence.
Supplementary data
Supplementary data are available at EURPUB online.
Funding
The Belgian National Health Interview Survey is funded by the federal, regional and community health authorities in Belgium.
Conflicts of interest: None declared.
Key points
The use of post-stratification weights taking into account the educational distribution of the population reduces bias in estimates from national health interview surveys. Including education in the calculation of post-stratification weights of national health surveys yields less favorable estimates for several health outcomes and life style practices. Auxiliary data used to calculate post-stratification weights for national health surveys should include information on education. 
